Objective: To determine the usefulness of the hourspecific Bhutani et al bilirubin nomogram when applied to infants with Coombs-positive test results.
H
YPERBILIRUBINEMIA IS A universal problem in the assessment and management of the infant in the well-infant care nursery. In 1999 Bhutani et al 1 published their seminal article relating the hour-specific bilirubin level of an infant to the risk for needing treatment for hyperbilirubinemia. The Bhutani et al-based nomogram has been widely adopted. [2] [3] [4] Use of the nomogram in the term nursery has allowed easily targeted intervention and follow-up of those infants at risk for developing hyperbilirubinemia. However, the study by Bhutani et al excluded infants who had direct Coombs-positive test results. Therefore, the applicability of the Bhutani et al nomogram is limited to infants with direct Coombs-negative results.
The lack of a bilirubin algorithm for infants with direct Coombs-positive results is problematic. Infants who have direct Coombs-positive results are at higher risk for significant jaundice compared with those with direct Coombs-negative results. 5 The most recent clinical practice guideline from the American Academy of Pediatrics (AAP) Subcommittee on Hyperbilirubinemia 6 recommended initiating phototherapy at a lower level in infants with direct Coombs-positive results than in those with direct Coombsnegative results. Having a nomogram to predict the rate of rise of bilirubin level in infants with direct Coombs-positive results would greatly aid in the clinical management of those infants. This is an important area of study with direct clinical applicability for health care professionals in the newborn nursery. The objective of our study was to evaluate the usefulness of the Bhutani et al 1 bilirubin nomogram in infants with direct Coombs-positive results.
METHODS
We conducted a retrospective review of the records of all infants born in our hospital during a 2-year period, from September 1, 2006, through August 31, 2008. The setting was a university-affiliated hospital with approximately 2800 births per year that served a minority population who were predominantly publicly insured. The study population included all infants with a gestational age (GA) of 35 weeks or more whose blood type was Aϩ or Bϩ and whose mother's blood type was Oϩ.
For all infants whose mothers had type O or Rh-negative blood, hospital routine included sending cord blood to the laboratory for typing procedures and performing the Coombs test from the delivery room. All infants who were found to have direct Coombs-positive results immediately had complete blood cell count, reticulocyte count, and serum bilirubin assays sent to the laboratory. A serum bilirubin level assay was repeated every 8 hours until the level stabilized or phototherapy was started. Hospital routine for all infants regardless of direct Coombs test results included drawing a serum bilirubin specimen at the time of the newborn metabolic screening, shortly after midnight on the day of hospital discharge. This screening bilirubin level was plotted on the Bhutani et al 1 hour-specific nomogram. Infants in the low-risk group (zone 1) were scheduled for routine newborn follow-up. Infants in the low-intermediate-risk zone (zone 2) were scheduled for follow-up assay of their bilirubin level 48 hours after discharge, while infants in the high-intermediate-risk zone (zone 3) were scheduled for a bilirubin level assay 24 hours after discharge. Infants in the high-risk zone (zone 4) had their discharge delayed or phototherapy started (Figure) , using the criteria of the AAP Subcommittee on Hyperbilirubinemia clinical practice guideline regarding phototherapy. 6 The serum bilirubin assay was performed using a modification of the diazocaffeine/benzoate coupling with blank method 7 on a Siemens Dimension RXL Max machine (Siemans AG, Berlin, Germany) in the Albert Einstein Medical Center laboratory. The coefficient of variation for low results was 2.5%; for high results, it was 2.2%. This assay is performed on a daily basis on all shifts. The Coombs direct antiglobulin test was performed using a monospecific antihuman globulin. The reagent was tested daily for reactivity.
Demographic data were collected for all the infants. The mother assigned the infant's ethnicity at the time she filled out birth certificate information. The infants' screening bilirubin level and the corresponding zone on the hour-specific nomogram were recorded. For those infants who had more than 1 bilirubin level recorded, the highest bilirubin level while in the hospital or the highest level before the start of phototherapy was plotted onto the nomogram and the corresponding nomogram zone was recorded. After initial discharge, the need for rehospitalization for jaundice was ascertained via 2 methods. For those infants followed up in our outpatient clinic, their outpatient records were reviewed for evidence of rehospitalization for jaundice. Follow-up telephone calls were attempted to the parents of those infants not followed up in our clinic. A total of 135 of the 240 (56.3%) infants in the study had documentation of the need for rehospitalization ascertained via 1 of these 2 methods.
We applied the various zones of the Bhutani et al 1 nomogram to our cohort of infants with direct Coombs-positive results and compared the sensitivity, specificity, and positive and negative predictive values of the zones with those of the Bhutani et al cohort (which had direct Coombs-negative results). We also compared the likelihood ratios of the nomogram zones when applied to our cohort and that of Bhutani et al. We compared the demographic data of our infants with those from the Bhutani et al cohort, and also compared the percentage of infants in each zone of the Bhutani et al nomogram with that in the each zone for our cohort.
Statistical analyses were performed using the t test for continuous data and the Fisher exact test for categorical data. The Institutional Review Board of the Albert Einstein Medical Center approved this study. Table 1) . The demographic distribution of our infants with direct Coombs-positive and direct Coombs-negative results was similar to the distribution of our entire birth cohort for the 2 years of the study. The percentage of our infants delivered by cesarean section and the percentage exclusively breastfed differed substantially from those of the Bhutani et al 1 cohort (Table 1 ).
The percentage of our infants in the low-risk zone (zone 1) of the nomogram, the low-intermediate-risk zone (zone 2), the high-intermediate-risk zone (zone 3), and the high-risk zone (zone 4) are enumerated in Table 2 . More than three-fourths (79.3%) of our infants with direct Coombs-positive results in zone 4 met the AAP Subcommittee on Hyperbilirubinemia 6 phototherapy criteria, while one-fifth (20.0%) of our infants with direct Coombs-positive results in zone 3 met phototherapy criteria. A total of 20.0% of our infants with direct Coombs-negative results in zones 3 and 4 combined met phototherapy criteria ( Table 3) . Phototherapy was initiated with all infants who met phototherapy criteria prior to discharge.
The sensitivity and positive predictive values for zone 4 and for zones 3 and 4 combined for our cohort infants were higher than those of the Bhutani et al 1 cohort, while the specificity and negative predictive values were similar between the 2 groups in all zones ( Table 4) . The likelihood of an infant with direct Coombs-positive results in zone 4 requiring phototherapy was much greater than for infants in the Bhutani et al zone 4 ( Table 5) . However, the Bhutani et al cohort infants in zones 2 and 3 were slightly more likely to require phototherapy than our infants with Coombs-positive results.
We achieved 100% follow-up after hospital discharge for the 64 infants with direct Coombs-positive results with values in zones 3 and 4. Of these, 1 infant in zone 4 required rehospitalization for phototherapy after discharge and 1 infant from zone 3 required readmis- 
COMMENT
This study demonstrates that the Bhutani et al 1 nomogram can be applied reliably in infants with ABO incompatibility who have direct Coombs-positive results. The sensitivity of the nomogram was better in infants with direct Coombs-positive results at identifying those at risk for requiring phototherapy than in infants from the Bhutani et al cohort, all of whom had Coombs-negative results. Similarly, the likelihood ratio for requiring phototherapy for infants in zones 3 and 4 of the nomogram was higher in infants with Coombs-positive results than in those from the Bhutani et al cohort. Lastly, infants with Coombs-positive results in zones 1 and 2 were at extremely low risk for meeting phototherapy criteria. Only 1 of the 71 infants in the 2 groups we were able to follow up subsequently required readmission for phototherapy. Therefore, the nomogram can be helpful in directing the timing of follow-up bilirubin level assays after discharge for those infants.
The sensitivity and specificity of the data for infants with direct Coombs-positive results for the various zones of the nomogram was similar to the predictive characteristics of the Bhutani et al 1 cohort, which had direct Coombs-negative results. Our levels of sensitivity, 74.2% for zone 4 and 96.7% for zones 3 and 4, meant that 74.2% of all infants who required phototherapy were categorized in zone 4 and 96.7% were in zones 3 and 4 combined. Because zones 3 and 4 of the nomogram are also much more sensitive for infants with direct Coombs-positive results than for those with direct Coombs-negative results, the likelihood ratio for infants with direct Coombs-positive results in zone 4 (25.84; 95% CI, 11.43-58.41) was also much greater than that of the Bhutani et al 1 cohort infants (14.08; 11.00-18.05). Our likelihood ratio of 25.84 indicated that an infant who had direct Coombs-positive results in zone 4 was almost twice as likely as an infant with direct Coombs-negative results from the same zone, a likelihood ratio of 14.08, to require phototherapy. These results were not surprising because infants with direct Coombs-positive results overall have higher rates of hemolysis and bilirubin production than those with direct Coombs-negative results. 5 In fact, there were roughly similar percentages of infants from the 2 groups in zones 2 and 3. The lower percentage of infants with direct Coombs-positive results in zone 1 (8.0% less than the infants in the Bhutani et al cohort, all of whom had direct Coombs-negative results, in that zone) was almost equal to the higher percentage in zone 4 (5.9% greater than the infants from the Bhutani et al cohort in that zone).
The Bhutani et al 1 nomogram is effective in directing the timing of follow-up bilirubin level assays for infants with direct Coombs-positive results after discharge. In part to screen for significant hyperbilirubinemia, the AAP Subcommittee on Hyperbilirubemia 6 has suggested that a qualified health care provider follow up all infants within 48 to 72 hours after discharge. However, particularly for an inner-city population without significant ties to an individual primary care professional, there is a risk that these infants may not be followed up in a timely fashion. 8 This has, unfortunately, led to the reoccurrence of kernicterus in a few infants. 9 In accordance with the recommendations of Bhutani et al for 48-hour follow-up testing of bilirubin levels in infants in zone 2 and 24-hour follow-up testing of those in zone 3, 10 infants with direct Coombs-positive results could be followed up as outpatients at the same frequency as those with direct Coombs-negative results without requiring an exchange transfusion or developing bilirubin encephalopathy. Since none of the infants in zone 1 of the Bhutani et al study ever needed treatment, those infants typically were not scheduled for a follow-up visit specifically directed at assessing for jaundice. The usefulness of the nomogram as a tool for outpatient follow-up can be seen by the fact that only 3 infants from this high-risk group with direct Coombspositive results required rehospitalization for phototherapy. In addition, by using this follow-up algorithm, none of our infants with direct Coombs-positive results required an exchange transfusion or developed evidence of bilirubin encephalopathy.
An interesting finding from our study was that results from the positive direct Coombs test did not appear to add any value to the clinical management of the infants in question. Even in a cohort of infants deemed at high risk for significant jaundice, 6 a single bilirubin level obtained before discharge was sufficient to direct the appropriate and safe clinical management and follow-up of these infants. This finding is similar to that of Madan et al, 11 who found that a routine direct Coombs assay did not add materially to the clinical treatment of their cohort infants. Similarly, it may also be possible to eliminate the routine collection of bloodtype information in infants born to mothers with type O blood. Infants with ABO incompatibility who had direct Coombs-negative results were represented in the original Bhutani et al 1 cohort but were not separately evaluated. More of our infants with ABO incompatibilty and direct Coombs-negative results were categorized as belonging in zone 1 of the nomogram compared with the Bhutani et al cohort, while fewer were categorized in zones 2 through 4. In addition, a smaller percentage of these infants met AAP Subcommittee on Hyperbilirubinemia phototherapy criteria 6 compared with those of Bhutani et al. This finding supports the usefulness of the nomogram in managing these infants. This finding is similar to that of Serrao and Modanlou, 12 who found that infants with ABO incompatibility who had direct Coombs-negative results were not significantly different from those who had ABO compatibility regarding the risk for hyperbilirubinemia. Elimination of routine blood typing and direct Coombs testing would be expected to provide a significant cost savings. 13 After the publication of the Bhutani et al 1 hourspecific bilirubin nomogram, other attempts have been made to stratify infants at high risk for needing treatment for hyperbilirubinemia. Sarici et al 14 evaluated 136 term newborns with ABO incompatibility, 6 of whom had direct Coombs-positive results. They determined that, at the postnatal age of 6 hours, a serum bilirubin level greater than 4 mg/dL (to convert to micromoles per liter, multiply by 17.104) was a strong predictor of significant hyperbilirubinemia, ie, that the infant would require phototherapy. They found that a serum bilirubin level greater than 6 mg/dL at the postnatal age of 6 hours was a good predictor of severe hemolytic disease, ie, that the infant would require additional modalities such as intensive phototherapy, intravenous immunoglobulin, or exchange transfusion. Keren et al 15 evaluated 823 term and near-term infants, at least some of whom had direct Coombs-positive results. They found that adding GA to the Bhutani et al nomogram significantly improved the ability of the nomogram to predict jaundice that would require treatment.
Probably the most important parameter to the health care professional managing jaundice in newborns is the positive predictive value (PPV) of a screening test to predict the need for phototherapy. In our cohort of infants with direct Coombs-positive results, placement in zone 4, the high-risk zone, of the Bhutani et al 1 nomogram had a PPV of 79.3%, indicating an extremely high likelihood for needing phototherapy. While the PPV of our infants in zone 3 was only 20.0%, this result still reflected a substantial risk that required close follow-up after discharge. Keren et al 15 found that adding GA, specifically that younger than 38 weeks, to their infants' risk assessment by nomogram zone improved the PPV substantially. We found no such improvement in our cohort. While the PPV of GA younger than 38 weeks in zone 4 was 100% in our cohort, the PPV of GAs of 38 to 39 weeks and older than 39 weeks in our cohort were each 75.0%. This finding was not significantly different than that of Keren et al (P = .22). Even for our infants in zone 3, for whom the overall PPV was 20.0%, there was no significant difference in PPV when GA was added to the risk factors for each bilirubin zone. In zone 3 the PPV was 50.0% for infants with a GA younger than 38 weeks (P = .19 compared with the entire cohort of zone 3); the PPV was 15.4% for infants with a GA of 38 and 39 weeks (P=.18), and the PPV was 16.7% for infants with a GA older than 39 weeks (P =.19). Gestational age most likely had no significant effect on the ability of zone 4 to predict the need for phototherapy because the PPV was already so ARCH PEDIATR ADOLESC MED/ VOL 164 (NO. 12), DEC 2010 high. In our zone 3, there were only 4 infants with a GA younger than 38 weeks, of whom 2 required phototherapy. Had there been a larger number of infants in this group, GA might have improved the predictive ability of the zone.
While there has always been heightened concern about infants with direct Coombs-positive results requiring phototherapy, only 12.9% of our cohort of 240 infants with direct Coombs-positive results ever met AAP Subcommittee on Hyperbilirubinemia criteria 6 for starting phototherapy. This finding is significantly less than that from the cohort of Kaplan et al, 16 which had a 49.4% incidence of phototherapy using criteria identical to ours among infants with direct Coombs-positive results. It is also much less than that of the Sarici et al 14 cohort of infants with direct Coombs-positive results, all of whom required at least intensive phototherapy. It is, however, similar to the finding of Noble et al 17 of 12.9% incidence of hyperbilirubinemia (bilirubin level Ն15 mg/dL) and 7.1% incidence of severe hyperbilirubinemia (bilirubin Ն17 mg/dL). A likely reason for our relatively low incidence of phototherapy may be the difference among the demographics of our cohort, as opposed to those of Sarici et al and Kaplan et al. Studies have shown ethnic differences in the incidence of hyperbilirubinemia. 18, 19 These differences may partly relate to genetic variability in the uridinediphosphate glucuronosyltransferase 1 promoter region. 20 Most likely our overall cohort had more rapid metabolism of bilirubin than the cohorts of Bhutani et al, 1 Sarici et al, 14 or Kaplan et al. 16 Our cohort certainly differs demographically from that of Bhutani et al, and is most likely quite different from that of Sarici et al or Kaplan et al. This can be seen by the significantly greater number of our infants with direct Coombs-negative results in zones 1 and 2 compared with the Bhutani et al cohort and by the fact that significantly fewer of our cohort infants with direct Coombs-negative results required phototherapy (P = .004), compared with those from the Bhutani et al cohort.
There are several limitations to our study, the first of which is the cohort size. Although 240 is a reasonable number of infants, a larger cohort would enable more confidence in these findings. Second, there were significant differences in demographics, breastfeeding, and cesarean section rates between our infants and those of the Bhutani et al 1 cohort. However, other investigators [2] [3] [4] have demonstrated the usefulness of the nomogram in other populations with direct Coombs-negative results, so the difference in our demographics should not have had a serious effect on our results. Finally, we might have missed some infants who required an exchange transfusion or developed bilirubin encephalopathy after discharge. This is unlikely because we were able to follow up all infants in the high-risk zones. A larger multicenter study equipped to follow up all infants for 1 to 2 weeks after discharge would be helpful in confirming the usefulness of this hour-specific bilirubin nomogram in managing infants with direct Coombs-positive results.
